Abstract. The low-pressure control methods for an arc-submerged nanoparicle synthesis system (ASNSS) was proposed and developed for brake nanofluids. In the process, a copper bar is melted and vaporized in insulating liquid for core formation with crystallization suppressed to derive nanofluid that contains nanometer copper particles in DOT3 brake fluid. Two technical advances associated with nanoparticle synthesis were achieved. One is the novel pressure control technique developed for nanoparticle fabrication. The other is the verification that the constant low-operating pressure. Pressure operating plays important role in determining the characteristics of the prepared nanoparticles in brake fluids. From the experimental processes, pressure control of the ASNSS was identified as crucial to success of nanoparticles synthesis. To achieve the desired pressure control, a vacuum chamber was developed as a nanoparticle accumulator and low-pressure reservoir. The chamber was controlled by the proposed flow -valve feedback control system and integrated with the ASNSS. The pressure control equipment of the ASNSS was effectively developed to prepare desired copper-oxide brake nanofluids with well-controlled size.
Introduction
Many research and development for new nanoparticle synthesis methods has been proposed and implemented in the past decades. Argonne Research Institute also unveiled a first nanofluid patent [9] claiming a heat conductivity to be 1.6 times over the yield of water, thus warranting nanofluid to be a revolutionary product as a heat transmission or lubrication agent. The Arc-Submerged Nanoparticle synthesis system (ASNSS) is an innovative successful technology for manufacturing metal nanoparticle. This system is a novel nanoparticle synthesis system to prepare nanofluids by mechanical method with a conventional electrical discharge machine (EDM). Furthermore, with the development of this novel nanotechnology, we can promote the performance of the EDM with the ability of nanogrades and convert it from conventional machine tools to high technology machine tools based on with lowered production cost. In the process, a bulk metal applied as the electrode is submerged in dielectric liquid in a vacuum chamber. Applied electrical energy then produces heating source for generating an adequate arc with a high temperature ranging from 5000 to 11000 o C. In the development process, a copper bar is melted and vaporized in dielectric liquid, which is used as an insulating liquid. The vaporized metal powders are then rapidly quenched by the designed cooling system , thus nucleating and forming nanofluid. The ASNSS is innovative because the raw materials are submerged in the dielectric liquid during the process within a vacuum-operating environment and the vaporized metals are condensed in dielectric liquid. Nanoparticleds can be successfully prepared and uniformly dispersed in DOT3 brake liquid. The suspension with well-dispersed nanoparticles in brake fluid named copper-oxide brake nanofluid (CBN) can be used directly in various applications. In the processing, the key parameters influencing the nucleation of nanoparticles are the pressure and temperature of the operating vacuum chamber. The formulated electrical energy heats the brake fluid in the vacuum chamber at a low pressure. When the electrical energy produces a high-temperature arc, ranging from 4600 to 19000 o C, the pressure inside the vacuum chamber tends to increase rapidly, making it difficult to maintain the vacuum condition of the chamber for stable system operation. Therefore, the pressure is considered as an important process parameter to be controlled for obtaining the desired nucleation and growth of nanoparticles in the ASNSS. It was feasible to control the process parameters for obtaining the desired system properties of the ASNSS to improve the overall performance of the particle synthesis. The experimental results have verified that the chamber pressure can be effectively controlled and the nanoparticles with desired characteristics can be uniformly dispersed in the brake fluid.
Processing Principle
The theory of CBN is developed from the phase change of metal submerged in the brake fluid in low-pressure condition. The heating source generates a submerged arc to vaporize the metals, which are the electrodes. with constant temperature control without constant temperature control Fig. 4 Temperature of the brake fluid is controlled at a set condition Figure 1 illustrates the developed ASNSS, including an electrical power utility, a servo-positioning system, a vacuum chamber, a vacuum pump, a heating source, a cooling system, and a pressure control unit. Important process parameters, such as applied electrical current, voltage, duration on and off time, electrical gap and feed velocity of servomotor, are controlled as required. The vacuum chamber is the place where the temperature and pressure are maintained constant at an adequate level. Two copper bars are used as the electrodes and positioned at the bottom of the chamber. Figure 2 illustrates the system block diagram of the applied pressure control system. The constant pressure system is employed to maintain a desired and constant pressure of the brake fluid. Figure 3 shows that the working pressure of the ASNSS is controlled and maintained at a constant level (25.5* 10 -4 MPa) along the time frame. It clearly indicates that the deviation of the pressure variation without the constant pressure control system is almost 6 times as that equipped with the pressure control system. The isothermal system is used to keep the operating temperature when the vaporized metal is condensed and a great deal of heat is release in vacuum chamber. Figure 4 shows that the temperature of the brake fluid is controlled at a set condition. The temperature is to maintain a desired level in which the vaporized metal aerosol can be effectively nucleated thus preventing excessive grain growth. Copper oxide (CuO) nanoparticles can then be formed and prepared. The phase diagram for the CBN is shown in Figure 5 . The operation zone (the black area) between the working temperature and pressure of vacuum chamber. The process of CuO nanoparticle synthesis that entails embedding pure copper rod in the cooling liquid to create vapor through arc spraying does require undergo three stages of synthesis, growth and cooling [5] . And the synthesis rate derived from the synthesis theory reveals that the synthesis rate of unit volume (I ) can be described in eq. (1) [4, 5, 6] .
In which, with N v being the original rod material's atom count within a unit bulk; ∆G being the fluctuation of free energy at the formation of a new cored; ∆g being the active energy that the atom surpasses an interface; T being the absolute temperature; h being a Planck constant; k being a Boltzmann constant, eq. (1) reveals that under fixed temperature, ∆G serves as the most significant factor in determining the value of I. And in the process that a material is transformed from a gas state to a solid state, ∆G is correlated to the saturation level, while a high level of saturation is determined by the differential in arc current discharge temperature and cooling liquid temperature,meaning that in order to derive a higher metal nanoparticle synthesis rate, the metal would need to evaporate under high temperature and coagulate under low temperature in order to achieve the effect, whereby arc spray converts metal rod material into vapor and then put through coagulation, together with an instantaneous liquid injection, to form metal nanoparticle liquid.
Results and discussion
As shown in Figs, 6 and 7 , the results show that more uniform and smaller CuO nanoparticles can be prepared when applying the pressure and temperature control systems in the ASNSS. In addition, uniformly distributed and well-controlled size of nanocrystalline powders can be prepared by the ASNSS with the proposed control systems. Figure 6 illustrates that the nanoparticle size in length can increase up to more than 150nm and the black lump images are clusters of CuO nanoparticles when no pressure control is implemented in the ASNSS. In other words, a higher pressure variation allows for a greater growth of the size of the nanoparticles. This is because the nucleating cell of metal aerosol has more time to grow before solidification when there is a higher pressure variation of the deionized liguid in the operating chamber. In order to further clarify the above hypothesis, the TEM images were used to observe and characterize the particle size in the brake fluid. Two TEM photos of the prepared particles were taken and are shown in Figs.6 and 7. Figure 6 shows the nanoparticles produced from the ASNSS with the original pump control system. As can be seen, the average length and width of metal particles are above 150 and 30nm, respectively, while they appear like coarse
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Progress on Advanced Manufacture for Micro/Nano Technology 2005 bamboo leaves. As seen in Fig. 7 , with the modified pressure control system and the valve control system applied , the average size(length by width) of the CuO nanoparticles prepared is reduced to less than 80 by 10nm, while the CuO nanoparticles look like fine bamboo leaves. Comparing the two figures reveals that the size of the particles is influenced significantly by the pressure inside the vacuum chamber. An operating chamber with a low and stable vacuum pressure can produce fine CuO nanoparticles in brake fluid. It was the important finding that the operating pressure is more important factors in determining the form of the prepared nanoparticles. By inspecting the XRD results of the prepared CuO nanoparticles (shown in Fig.8 ), it is also verified that the peaks of the data curves with and without the system pressure control appeared in the same 2θ. Smaller and more uniform nanoparticles can be prepared under a constant pressure condition than those prepared under a larger pressure variation. The experimental results indicate that the nanoparticles can be prepared when the operating pressure is kept constant at 25.5*10 -4 Mpa. However, the shape of particles remains unchanged whether the pressure varies or not. 
Conclusions
The key parameters influencing the nucleation of nanoparticles are the pressure and temperature of the operating vacuum chamber. However the pressure control is more important for the properties of nanoparticles. The pressure control techniques used in the ASNSS have been successfully developed with the developed balance operating vacuum chamber as a working reservoir for copper-oxide brake nanofluid by integrating direction flow valves and the feedback control algorithm. It has been identified that the pressure in the vacuum chamber can be maintained at a stable condition, which is crucial to the successful fabrication of nanocrystalline particles. The novel pressure control technique to keep the low and stable pressure in the vacuum chamber for copper-oxide brake nanofluid preparation was achieved in this study. With the pressure control, the smaller and more uniform nanoparticles in brake fluid can be prepared under a constant pressure condition than those prepared under a larger pressure variation.
